The purpose of the present study was to examine the types of impairments in everyday function that accompany mild cognitive impairment (MCI). Data for this study was collected from 434 individuals consecutively evaluated at a universitybased Alzheimer's Center. A total of 96 participants were diagnosed with MCI, 105 were cognitively normal, and 233 had dementia. Informant ratings of participants' abilities were obtained across different functional domains reflecting everyday abilities related to memory, language, visual spatial abilities, planning, organization, and divided attention. As expected, the demented group was significantly more impaired than the healthy control and MCI groups across all of the functional domains. The MCI group also showed significantly more functional impairment relative to healthy controls in all of the functional domains. Examination of the effect sizes as a measure of the magnitude of functional impairment in the MCI groups relative to controls showed that the greatest degree of impairment occurred within the Everyday Memory domain. The current findings suggest that individuals with MCI demonstrate deficits in a wide range of everyday functions but that the magnitude of these changes is greatest for those functional abilities that rely heavily on memory.
T he cognitive changes associated with degenerative dementias such as Alzheimer disease (AD) result in progressive declines in the ability to perform activities of daily living (ADL). 1, 2 Mild cognitive impairment (MCI), a syndrome intermediate to normality and dementia, has become increasingly well defined and extensively studied as a prodrome to and predictor of dementia. 3 Although numerous studies have examined functional impairments in dementia, far less research has focused on functional change in MCI. The International Working Group on MCI recently noted that there is currently very little known about which aspects of everyday function are affected in MCI. 4 The initial diagnostic criteria for MCI specified intact or ''only slightly abnormal ADL. 3 '' However, functional change presumably occurs over the course of MCI because it is precisely such cumulative change that leads to eventual conversion to dementia. A few recent studies have, in fact, suggested that mild changes in daily functioning can be detected in MCI groups. 5, 6 At present, the natural history of functional change between normal aging and dementia is undefined. This leaves guidelines for rating functional change in MCI unclear (eg, how much functional change and in which domains can be present before a dementia syndrome should be diagnosed), reflecting our limited knowledge concerning the types of functional change that occur in association with the syndrome of MCI. In fact, some authors have argued that the explicit inclusion of functional decline should be part of the diagnostic criteria for MCI. 7 The detection of change in everyday function in MCI is dependent on the method of assessment, more so than in dementia where these changes are severe and pervasive. It has been well established that functional impairments in dementia follow a gradient, such that basic self-care activities (eg, eating, dressing, grooming) are affected after higher order functional abilities become impaired. 8, 9 Thus, when investigating changes in everyday function associated with MCI it is important to focus on higher-level abilities. Further, the detection of mild functional changes is likely to be poor if measurement is limited to whether someone is completely ''dependent'' or ''independent'' in a given functional ability or domain. Therefore it is important to be able to measure more subtle or mild changes in function that fall short of leading to complete dependence on others. 5 Although a few previous studies suggest that when using sensitive measures of everyday functioning, individuals with MCI show mild impairments, 5, 6, 10 little is known about the nature of these functional changes. That is, it remains unclear which everyday abilities or domains of everyday function are most likely to be affected in MCI and to what degree they are impaired relative to both healthy elders, and individuals with dementia. The purpose of the current study was to better characterize the types of functional changes that are present in individuals with MCI. A questionnaire measuring changes in functional abilities across several different domains including Everyday Memory, Everyday Language, Everyday Visuospatial skills, and a variety of everyday executive abilities including Everyday Planning, Everyday Organization, and Everyday Divided Attention was administered to friends and family of individuals with MCI. Groups of both cognitively normal older adults and persons with dementia were also included in the study for comparative purposes.
METHODS

Subjects
Data for this study was collected from 434 individuals consecutively evaluated at a university based Alzheimer's Disease Research Center. Subjects are referred through a number of different mechanisms. Eighty-two percent of the sample had been referred directly to the Alzheimer's Disease Research Center (ADRC) clinic for evaluation or were spouses/friends of patients who were serving as controls, although a small percentage were recruited via a community outreach protocol. The mean age of the entire sample is 76. 5 (8.4) and the mean number of years of education was 13.8 (3.7), ranging from 0 to 22 years of formal education. Fifty-six percent of the sample was female. The majority of the participants were white (70%), 8.4% were Hispanic, 14.4% were African American, 2.9% were Asian, and 4.4% were of another racial group. An individual familiar with the patient/control served as the informant and completed the outcome questionnaire measure daily function: 47.2% were spouses of the participant, 39.3% were their adult children (or spouses of their adult children), 4.3% were other family members, and 9.3% were friends of the participant. The average age of the informant was 61.9 (13.7); informants had a mean of 15.1 (4.0) years of education and 71.1% of them were female. On average, informants had known participants for 45.2 years (15.8) and currently spend 85.2 hours a week with the participants.
All participants had undergone a complete clinical dementia work-up, which included a neurologic evaluation, detailed neuropsychologic testing, brain imaging, and appropriate laboratory work. Participants received a clinical diagnosis of either normal cognition, MCI, or demented based on an ADRC consensus diagnostic conference. Diagnoses were assigned based on the judgment of a neurologist (C.D.) and at least 2 neuropsychologists (S.T.F, D.M., and B.R.), all of whom have expertise in the diagnosis of dementia and MCI. A diagnosis of dementia was based on Diagnostic and Statistical Manual of Mental Disorders-IV criteria, which requires neuropsychologic impairments in multiple cognitive domains in addition to significant functional disability in basic or instrumental ADL. Although no strict psychometric cut-off scores were used to define cognitive impairment, cognitive impairment is clinically identified by ADRC neuropsychologists when a participant's performance falls approximately 1.5 standard deviations (SDs) below age-matched norms and in reference to their educational and socioeconomic background. Individuals with more mild cognitive changes not meeting the Diagnostic and Statistical Manual of Mental Disorders-IV criteria for a dementia were diagnosed with MCI. Individuals with MCI could either have (1) a single memory impairment (amnestic MCI), (2) an impairment in one nonmemory domain (single nonmemory MCI), or (3) subtle changes in multiple cognitive domains (multiple domain MCI). As with the diagnosis of dementia, these were clinical diagnoses made largely based on the neuropsychologic profile compared with age-matched norms in reference to educational and socioeconomic attainment. Individuals with MCI could not have impairments in basic ADL or be dependent on others in any instrumental ADL. A diagnosis of MCI did not require subjective memory complaints because this is a poor predictor of objective cognitive decline. 11 For the purposes of the clinical diagnosis, functional change was assessed using a variety of standardized instruments (eg, Clinical Dementia Rating Scale) but was also based on clinical interviews with the patient and an informant. Diagnostic decisions were made without knowledge of the primary outcome measure in this study.
A total of 105 participants were cognitively normal, 96 individuals had a diagnosis of MCI, and 233 were diagnosed with dementia. Of those participants diagnosed with dementia, 178 (76%) had possible or probable AD, 9 had vascular dementia, 8 had possible or probable dementia with Lewy bodies, 8 had frontotemporal dementia, 21 had a dementia of mixed etiology, and the remainder had other more infrequent dementia types. Of those individuals with a diagnosis of MCI, 43 (45%) individuals had a single memory impairment (amnestic MCI), 14 (16%) had a single nonmemory impairment, and 37 (39%) individuals had mild cognitive changes in more than one cognitive domain (multiple domain MCI).
Measurement of Everyday Function
An initial pool of items reflecting various functional abilities was generated by surveying existing functional instruments. To identify additional functional items 8 experts in the field of dementia representing diverse professional backgrounds (eg, neurologists, neuropsychologists, social workers, and nurses) generated additional items. Because we were particularly interested in functional changes that potentially occur in the prodrome of a dementia, the focus was on assessing rather high-level everyday skills. Items related to basic self-care activities, which are generally affected later in the course of a dementia, were not included. Items were generally organized according to relevant cognitive domains. Thus, functional impairments believed to reflect everyday tasks and abilities related to memory, language, visual spatial abilities, planning, organization, and divided attention comprised 6 different scales. Items that had less than 80% agreement among the expert raters as to which cognitively relevant domain they fell into (eg, everyday memory, everyday language, etc.) were excluded. A total of 74 items were included across the 6 domains: 15 items related to Everyday Memory, 14 items related to Everyday Language, 14 items related to Everyday Visuoperceptual skills, 13 items related to Everyday Planning, 9 items related to Everyday Organization, and 9 items related to Everyday Divided attention. Internal consistency or the degree to which items of each scale reliably measure the same dimension, as measured by Cronbach a, ranged from 92 to 95 for the different scales. Further, the proposed factor structure of the instrument, representing the 6 cognitively relevant domains, is supported by the results of a confirmatory factor analysis (manuscript in preparation). Informants rated the participants' ability level for each item on a 4-point scale: 1 = better or no change compared with 10 years earlier, 2 = questionable or occasional problems, 3 = consistently a little worse, 4 = consistently much worse. A reference point of 10 years prior was chosen because (1) this format, in which the participant is compared with their own baseline, has been shown to be relatively insensitive to level of education, [12] [13] [14] (2) it is likely to be more sensitive to detecting change than simply rating whether the patient is independent or dependent in each area, and (3) it was thought to provide enough of a time lapse that no deterioration in function would likely have been present at that time.
Statistical Analysis
We first examined potential differences in everyday functioning across the groups at the scale level for each of the 6 functional domains. Because the data violated the normality assumption of analysis of variance and t tests, nonparametric tests were used instead. The Kruskal-Wallis test was used to compare groups on each functional scale, followed by post-hoc pairwise comparisons. Statistical significance was set at a P value of 0.05 for these analyses. To examine the magnitude of any observed functional change in MCI, effect sizes were calculated as follows. First pooled SDs were calculated for each scale using all 3 groups. Effect sizes were then calculated for each scale for pairs of groups where effect size was defined as the difference in means divided by the pooled SD. For example, for Everyday Memory, effect size of the difference between Normals and MCI = (Everyday Memory mean of Normals À Everyday Memory mean of MCI)/pooled SD. Because of the exploratory nature of this study we were also interested in examining, at the individual item level, what specific functional abilities showed decline in the MCI group relative to the normal controls. Group differences in each item of the functional questionnaire were compared using the Wilcoxon rank sum test. Because of the large number of comparisons that were being made in this analysis a Bonferroni correction was applied. All statistical analyses were run using JMP, version 5.0 (SAS) statistical software. Table 1 presents the mean age, education, sex, ethnicity and Mini Mental State Examination score for each group. The 3 groups did not significantly differ in terms of age or education level. As expected, the groups did differ in terms of their Mini Mental State Examination scores (P<0.001), with the dementia group showing the most cognitive impairment. The groups also differed in the percentage of whites in each group, with a higher percentage of whites in the MCI and demented groups than in the healthy controls. showing the most impairment (for comparisons between the normal and demented groups and the comparisons between the MCI and demented groups all Ps <0.0001; P values for the comparisons between the MCI and Normal group ranged from <0.0001 to 0.001).
RESULTS
Scale-level Analysis
To estimate the magnitude of the differences in level of everyday functioning in each domain for the MCI group compared with the normal and demented groups, effect sizes were examined. Figure 1 presents the effect sizes for the difference in level of everyday functioning between MCI and normals, and the effect sizes related to the difference in level of functioning between MCI and the demented group. The MCI group performed at a level that is nearly one SD worse (higher scores are equated with more impaired function) than the normal group in the domain of Everyday Memory. The level of performance in the MCI group across the other 5 functional domains was about a half a SD below that of the healthy controls. When comparing the MCI group to the dementia group we found that the degree of functional impairment in dementia, relative to MCI is on the order of 1.5 to 2 SDs. Table 2 includes all of the items of the functional questionnaire that were significantly more impaired in the MCI group compared with healthy older adults (all Ps<0.0006). Of those items that made up the Everyday Memory scale, the MCI group showed significantly more functional impairment compared with the cognitively normal controls on the majority of the items of this scale (11 of the 15 items, or 73%). Eight of the 13 Everyday Planning items (61%) and 5 of the 9 Everyday Organization items (55%) were rated by informants as being significantly worse in the MCI group relative to normal controls. Other domains were relatively less affected: 4 of 14 Everyday Language items (28%), none of the 14 Everyday Visuoperceptual items, 2 of 9 Everyday Divided Attention items (22%) differed significantly between MCI and normals. The demented group was significantly more impaired than both the normals and the MCI group on every one of the 74 scale items (data not included in Table 2 ).
Item-level Analysis
DISCUSSION
Results of this study demonstrate that individuals with MCI display wide-ranging impairment in everyday functioning relative to cognitively normal older adults. Individuals with MCI demonstrated more functional problems relative to healthy elders in Everyday Memory, Everyday Language, Everyday Visuospatial skills, Everyday Planning, Everyday Organization, and Everyday Divided Attention. When examining the magnitude of the degree of impairment in the MCI group relative to normals, functional activities presumed to be heavily dependent on memory-related abilities were most consistently and robustly impaired compared with the other functional domains examined.
The item level analysis suggests that the MCI group was impaired relative to normals on the majority of individual items of the Everyday Memory scale, most of which require episodic memory for recently acquired information. The finding of prominent changes in Everyday Memory in MCI is not surprising, particularly given that a large portion of our group (45%) had MCI of the amnestic type. Furthermore, even in the multiple domain MCI group, memory impairment is frequently one of the neuropsychologic domains affected. Thus, the domains of everyday functioning that tend to be affected in MCI broadly correspond to the types of impairments that are seen on formal neuropsychologic testing. Further, the presence of changes in memory-dependent functional abilities in MCI are consistent with some of the most common neuroanatomic changes observed in MCI, including significant reductions in volume of the hippocampus and related structures. 11, [15] [16] [17] These structures are known to be important for the acquisition and retention of new memories, and help explain why not only neuropsychologic measures of memory but also functional skills dependent on memory are among the earliest signs of MCI and very mild dementia.
Error bars correspond to the standard errors of the effect size estimates In addition to the memory items, a relatively high percentage of items falling in both the Everyday Planning and Everyday Organization domains (61% and 55%, respectively) were rated as more impaired in the MCI group as compared with normal controls. Items in these domains tap high-level functional abilities that require foresight, planning, organization, reasoning and initiation among other complex mental skills. The finding that the MCI group had difficulty in these functional domains is also consistent with the growing body of neuropsychologic literature showing subtle executive deficits in MCI, [18] [19] [20] and neuroimaging studies implicating dysfunction of frontal lobe regions. 21, 22 Our results, showing significant functional changes particularly in the areas of everyday function heavily dependent on memory and high-level executive functions, are very similar to the conclusion drawn by Perneczky and colleagues. 10 These researchers examined functional impairment across 18 complex ADL in individuals with MCI compared with age-matched normal controls and concluded that it was those ADL dependent on memory and complex reasoning that were most affected in MCI.
Consistent with clinical experience and diagnostic criteria, the degree of functional impairment in MCI is clearly substantially less than that in dementia. However, the effect sizes related to the differences in everyday function between MCI and healthy elders were in the magnitude of one SD in the Everyday Memory domain, and about a half of a SD in the other domains. Such findings are similar to the effect sizes that can be from the study by Perneczky and colleagues 10 sited above. This degree of functional impairment is unlikely to be trivial. Although no absolute metric for clinical significance is available, the size of these differences and the number of specific items or tasks in which MCI differed significantly from normals suggests that MCI may frequently confer a consequential extent of diminished function. Admittedly, although functional skills in this study were parceled into cognitively relevant domains based on the judgment of expert raters, most everyday tasks depend on multiple neuropsychologic abilities. That is, we do not wish to present an oversimplified view that any functional skill is strictly dependent on just one cognitive ability. However, as other researchers have noted, 23, 24 there are likely to be everyday activities that depend predominantly on a particular cognitive ability. The goal of dividing functional skills into cognitively relevant domains was to gain a better understanding of the nature or types of functional difficulties present in individuals with MCI. Our findings suggest that it is those everyday tasks that require the ability to learn and retain new information, and higher-level executive skills that are affected in individuals with MCI.
MCI is known to be a heterogeneous group. Various subtypes of MCI have been proposed based on the pattern of neuropsychologic impairments present, and it has been suggested that neuropsychologically distinct MCI subtypes may mark incipient forms of different dementias, such as vascular dementia and frontotemporal lobe dementias. It may be that in such distinct subtypes, different patterns of functional impairment will predominate. The present sample of individuals with MCI did not include sufficient numbers of such cases to examine this idea but will be the focus of future research.
The majority of participants in this study diagnosed with either MCI or dementia were attending a memory disorders clinic. The characteristics of individuals with MCI who are being seen in a clinical setting can differ in many ways from community recruited individuals diagnosed with MCI who were not actively seeking clinical evaluation. 7, 10 Thus, the results of our study may not generalize to community-based MCI samples and should be the focus of future research.
The detection of functional changes in individuals with MCI is important for several reasons. First, the current study suggests that individuals with MCI are more likely than healthy elders to have functional changes across a wide range of domains, with the most prominent deficits occurring in areas of function that depend heavily on memory. Thus, the assessment of functional impairments may help differentiate individuals with MCI from normal older adults. Unlike neuropsychologic tests that are influenced by educational and ethnic background, there is evidence that informant-rated measures of everyday function can be less influenced by these types of variables [12] [13] [14] and therefore may increase our sensitivity in detecting MCI over and above the information that is provided by neuropsychologic measures. Further, a number of studies have now shown that individuals with MCI who had difficulties in certain aspects of everyday function at baseline are more likely to go on to develop dementia at follow-up. 5, 25, 26 This suggests that the early detection of functional changes associated with mild cognitive changes may contribute to better identifying those who are at greater risk for further decline. Finally, a better understanding of the nature of functional deficits in MCI will help guide the development and implementation of targeted interventions to improve everyday function or prolong independence.
The transition between normal aging, MCI, and dementia is likely to be a continuous one 10 and therefore where the lines are drawn between these 3 states continues to be a matter of debate, in part because of the lack of objective and standard definitions of what constitutes functional impairment and disability. Clearly some degree of functional change can be detected in MCI, albeit significantly less than that of dementia. Further refinement in the guidelines as to the extent of functional change in MCI versus dementia seems warranted.
